Objectives-Gamification is a powerful tool in medical education. SonoGames is a competitive games-based event designed to educate and inspire emergency medicine (EM) residents about point-of-care ultrasound. We sought to describe: (1) the perceived effectiveness of a competitive event on both immediate learning and longterm education; and (2) the resultant attitudes of participants and program directors regarding ultrasound training.
S
ince its creation in 2011, SonoGames has used a competitive games-based format to educate emergency medicine (EM) residents in point-of-care ultrasound. This 4-hour annual event, with multiple rounds of elimination, is held during the Society for Academic Emergency Medicine annual meeting. 1 It was developed with the idea that competition fosters enthusiasm and ambition to succeed, motivating both resident and faculty trainees to learn.
The success of SonoGames is partially due to gamification and competition but also due to the dynamic nature of the event: association with a national venue, costumes, creative team names, enthusiastic showmanship, and variation in challenges across the 3 different rounds. Innovative education and methods of assessing competency Supplemental material online at jultrasoundmed.org remain cornerstones of focus for point-of-care ultrasound educators. [2] [3] [4] [5] [6] Incorporating game elements to enhance user experience increases engagement, motivation, cognitive skills, and metacognitive skills. Gamification can convey educational content, promote development of skills, and provide assessments, with demonstrated effectiveness in improving knowledge retention and participant investment. 7, 8 A competitive approach using novel simulation techniques can further capitalize on the inquisitive nature of learners and drive enthusiasm for assimilating new information. 9 Point-of-care ultrasound competency involves handeye coordination, mastery of motor tasks, spatial recognition, interpretation of images, understanding of anatomy and pathophysiology, and clinical integration. The 3-round structure of SonoGames allows these skills to be tested in a fun and competitive forum of peers. Its popularity has led other organizations and institutions to create similar point-of-care ultrasound gamification events. 10 Although SonoGames shapes and evaluates the way residents learn ultrasound during the event itself, the broader long-term implications on resident education, enthusiasm for ultrasound, and clinical practice among trainees and residencies have not been described. In this study, we assessed the perceived effectiveness of a competitive event on education and subsequent attitudes regarding point-of-care ultrasound training.
Materials and Methods

Study Design and Population
We conducted 2 prospective surveys. One survey assessed the attitudes of registered participants (EM residents) of SonoGames V, held during the 2016 Society for Academic Emergency Medicine Annual Meeting in New Orleans, Louisiana. Participants included residents of 72 EM programs in the United States. The second survey collected perceptions of EM residency program directors regarding the impact of SonoGames on pointof-care ultrasound education. We surveyed the 200 Accreditation Council for Graduate Medical Educationaccredited EM programs listed on the Council of Emergency Medicine Residency Directors website.
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Survey Content and Administration The 2 surveys were developed in SurveyMonkey (online supplemental Appendixes A and B). The questionnaires were peer reviewed by the 5 members of the SonoGames Organizing Committee for content clarity. Survey participants were notified that completion of the survey was voluntary and that all data would be deidentified and confidential. There were no incentives offered to participate. Each survey was distributed in June 2016 with a link via e-mail. E-mails were sent a total of 3 times over the course of a 2-month period to increase the response rate. The survey of program directors was distributed via the Council of Emergency Medicine Residency Directors listserv. Primary outcome measures included their observations regarding the influence of SonoGames on resident ultrasound education at their residency programs (5-point Likert scale). Program directors were encouraged to consult with the point-ofcare ultrasound directors at the residencies if needed
For the survey distributed to participants, primary outcome measures included the effect of SonoGames on their experiences using point-of-care ultrasound, levels of self-reported knowledge and competency, enthusiasm, influence on clinical use, and opinions regarding effectiveness of a competitive format on their education (5-point Likert scale). The survey also assessed opinions on the educational content and organization of the event. These results were used as feedback to shape future SonoGames events and were not part of this study. Demographic data were gathered, including participants' level of progression.
Data Analysis
All data were exported into Microsoft Excel (Microsoft Corporation, Redmond, WA) for review and analysis. Survey results remained anonymous and were reviewed by all 5 members of the SonoGames Committee. Percentages were calculated. The values on the 5-point Likert scale were considered continuous variables as previously described. 12 Means with 95% confidence intervals were calculated.
Results
Seventy-three resident participants responded to the online survey (25% response rate). Forty-two residency program directors responded (21% response rate, assuming that each program received e-mails from the Council of Emergency Medicine Residency Directors listserv). Results are summarized in Table 1 . Self-reported knowledge and competency increased in 81% of participants and 53% of residency programs. Enthusiasm about ultrasound increased in 87% of participants and 55% of residency programs. In fact, 42% of participants (26/62) stated that SonoGames inspired them to pursue an ultrasound-based career. Sixty-one percent of participants (42/69) and 29% of residency programs (12/42) reported increased use of ultrasound in the clinical setting. Similarly, 75% of participants (55/73) agreed that attending SonoGames taught them material they subsequently incorporated into clinical practice. Ninety-four percent of participants (66/70) thought that the competitive gaming format of SonoGames was effective in making the event an educational experience, and 83% of participants (57/69) found that it motivated them to succeed. Across all questions, there was a positive correlation between the perceived effectiveness of SonoGames and the achieved level of involvement. Results are summarized in Figure 1 .
Similarly, we assessed responses of program directors based on whether their residencies had participated in SonoGames. There was a trend toward greater effectiveness of SonoGames on ultrasound knowledge, enthusiasm, and use in programs that participated in the event versus those that had not. Forty-four percent of program directors (19/43) reported that SonoGames inspired their residencies to hold a similar ultrasound education event. Forty-nine percent (18/37) of residencies that competed in SonoGames ran a similar event locally, compared to 17% (1/6) of those that did not. Figure 2 shows the effect of SonoGames participation on ultrasound knowledge, enthusiasm, and use in programs that either had or had not competed in a SonoGames event.
Discussion
Generation Y students, also known as millennials, reportedly learn better in groups using hands-on activities and new technology. 13 Consequently, the use of gamification techniques has the potential to be particularly effective with residents and medical students.
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We found that SonoGames positively affected resident perceptions and understanding of ultrasound across clinical practice, knowledge and competence, and enthusiasm. Our results showed that SonoGames may potentially serve as a model for resident teaching and learning across other modalities.
The goal of residency training is to create competent clinical practitioners. Most participants acknowledged that SonoGames taught new information beyond their completed ultrasound rotations that could be incorporated into clinical practice. This effect may be explained by the nature and structure of SonoGames. The first round of questions was written by a group of national point-of-care ultrasound experts and covers every aspect of point-of-care ultrasound as designated by the American College of Emergency Physicians. Because of this factor, participants may be exposed to new concepts that are not emphasized in their ultrasound rotations. Although most residents learned something new during SonoGames, most reported that SonoGames only somewhat increased the use of ultrasound in the clinical setting. Residents most likely had mastered the core modalities before the event. New modalities learned during SonoGames are more likely advanced and may be only applicable in a small subset of patients. Similarly, SonoGames contributed positively to ultrasound knowledge and competency, with more than 80% of participants reporting an increase. Fourteen percent reported that it strongly increased knowledge, whereas 67% replied that it somewhat increased their base understanding and competency. Given the advanced level of questioning in SonoGames, one might have expected a larger number of individuals to have chosen "strongly increased." It is possible that residents spent a large amount of time preparing and practicing for SonoGames to be competitive. The large gains in knowledge may have occurred during this preparatory period and not during the event itself. When completing the survey, residents may not have considered improvements achieved from studying before the event. We acknowledge that knowledge and competency were selfreported values and were not objectively assessed.
The level of advancement in the event was associated with positive results. As background, in round 1 of SonoGames, all teams answered multiple-choice questions pertaining to ultrasound clips. Answers were discussed, and educational teaching points were conveyed. The top-performing teams advanced to round 2, whereas the others were invited to observe the rest of the event as spectators. Rounds 2 and 3 consisted of hands-on scanning challenges. Our results showed that participants who advanced to round 2 found the event to be more effective at education, motivation, and enthusiasm than those who left after round 1. This finding was not surprising, as hands-on games are more interactive and fun than multiple-choice questions. Even more notable, however, was that eliminated players spectating in round 2 reported greater increases in knowledge and enthusiasm about ultrasound and perceived the competitive gaming format to be more effective. This information could inform planning of future events to increase the duration of involvement and amount of hands-on activities to enhance the educational impact.
Overall, the gamification techniques used in SonoGames were rated as effective educational modalities by more than 90% of participants and increased enthusiasm for point-of-care ultrasound in 87% of participants. Furthermore, replication of the event by more than half of the participating residencies suggests its high perceived value as a teaching tool among educators and residency leadership. SonoGames has now been hosted twice in Saudi Arabia (2016 and 2017) and has influenced similar events at other national organizations, such as the national SonoSlam for medical students held during the American Institute of Ultrasound in Medicine Annual Convention.
There were several limitations to our study. One major limitation of our survey study was the low response rate. Due to the timing of the Society for Academic Emergency Medicine Annual Meeting and SonoGames, we distributed the surveys at the end of the academic year, when residents graduate and e-mail addresses change. Emergency medicine program directors without personal knowledge of SonoGames may have opted to decline responding to the survey rather than provide inaccurate information. Also, it is possible that there was a selection bias, as directors at residency programs with more established ultrasound curricula may have been more inclined to complete the survey. Program directors and participants who enjoyed the event may have been more likely to respond. Finally, point-of-care ultrasound education is multifaceted, and enthusiasm for ultrasound within residency training is affected by many other factors, such as personnel, changes in curricula, new applications, and advancing technology. Although we attempted to isolate SonoGames as the variable, it would be presumptuous to believe that it is the only factor contributing to positive attitudes about point-of-care ultrasound education. Our study was not powered to assess statistically significant differences in responses, so the reported trends should be interpreted with that limitation in mind.
In conclusion, a competitive gaming format such as SonoGames has a positive influence on overall ultrasound education, enthusiasm, motivation to learn, and clinical practice. Higher levels of advancement and lengthier observation of SonoGames events lead to an increased perception of its educational effectiveness. This study supports the use of gamification as an innovative, impactful tool that has applicability in training learners of all levels on a national scale.
